Purpose: This systematic review and meta-analysis was performed to determine whether timing or type of tracheostomy was associated with superficial or deep sternal wound infections after cardiac surgery.
Results: A total of 13 studies met inclusion criteria. The incidence of sternal wound infection across all studies reported was 7% (95% confidence interval [CI], [4] [5] [6] [7] [8] [9] [10] . The percutaneous tracheostomy group had a sternal wound infection proportion of 3% (95% CI, [1] [2] [3] [4] [5] [6] [7] [8] , and the open tracheostomy group had a sternal wound infection proportion of 9% (95% CI, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The incidence of sternal wound infection with early (<14 days) (7%; 95% CI, 3-11) versus late (14 days) (7%; 95% CI, 4-10) tracheostomy was similar. Meta-regression demonstrated no significant relationship between incidence of sternal wound infection and number of days between tracheostomy and initial cardiac surgery (R 2 ¼ 6.13%, P ¼ .72). Reported secondary outcomes included 30-day and 1-year mortality, which were high at 23% (95% CI, 19-28) and 63% (95% CI, 43-80), respectively.
Conclusions:
The incidence of sternal wound infection after tracheostomy in patients undergoing cardiac surgery remains high at 7% (95% CI, 4-10). Open or percutaneous tracheostomy after cardiac surgery is a feasible option because the incidence of sternal wound infection and short-term mortality are comparable. Moreover, the timing of tracheostomy (early or late) had comparable rates of sternal wound infection and short-term mortality. (J Thorac Cardiovasc Surg 2017;153:1394-400)
Incidence of SWI after tracheostomy.
Central Message
The incidence of SWI after tracheostomy in patients undergoing cardiac surgery is 7%. Different techniques and timing of tracheostomy yielded comparable rates.
Perspective
SWI is a major complication that can occur after tracheostomy in patients undergoing cardiac surgery. Although the overall incidence of SWI is relatively high after tracheostomy, the timing of tracheostomy or type of tracheostomy technique did not demonstrate a large variation in SWI rates.
See Editorial Commentary page 1401.
Respiratory complications after cardiac surgery resulting in prolonged ventilation are common, particularly in high-risk subgroups. 1 Tracheostomy can be performed in these patients to improve patient comfort and hasten ventilator weaning. 2, 3 Although respiratory insufficiency or prolonged intubation dominate as the main reasons for tracheostomy, heart failure and neurologic dysfunction are additional indications.
Tracheostomy can be performed via the traditional open method or percutaneous method. 5, 6 This procedure has been implicated as a significant risk factor in sternal wound infections (SWIs) or mediastinitis, 7, 8 although other groups have not confirmed this correlation. 9, 10 Procedure-related factors that have been proposed as potential contributors to SWI include the timing and type of tracheostomy. 11, 12 In the cardiac surgical population, the incidence of SWI has not been studied as a primary outcome except in 1 small retrospective study. 11 Thus, the objective of this systematic review and meta-analysis was to report the incidence of SWI after tracheostomy in patients undergoing cardiac surgery and to determine whether the timing of tracheostomy (early vs late) or type of surgical technique (percutaneous vs open) resulted in a lower incidence of SWI.
MATERIALS AND METHODS Eligibility Criteria
Randomized controlled trials, cohort studies, and observational studies published in English between November 15, 1985 , and December 15, 2015, dealing with patients who underwent tracheostomy after any form of cardiac surgery were considered. Studies were included if they reported the primary outcome of interest (incidence of SWI). Secondary outcomes of interest included 30-day and 1-year mortality. Studies that included patients who had tracheostomy before cardiac surgery or included patients who had SWI before tracheostomy were excluded. Studies with sample sizes less than 50 were excluded to reduce the small-study effect bias. 13 Although this systematic search included a timeframe between 1985 and 2015, all studies included in the final analysis were published after the year 2000.
Information Source, Search Strategy, and Data Extraction
The search strategy (Table E1 ) involved a detailed search of PubMED/MEDLINE, Embase, Cochrane Library, Clinical Trials Registry, relevant bibliographies, and Google Scholar. The methodology in this systematic review and meta-analysis conforms to PRISMA guidelines 14 ( Table E2 , PRISMA checklist). There were a total of 562 articles identified on the initial search, which were then reviewed by 2 authors (HT and DF). After excluding articles on the basis of abstract information (n ¼ 332) and duplicity (n ¼ 198), 32 articles remained for full article review. Detailed reasons for exclusion of 19 articles are shown in Table E3 . A total of 13 articles were included for the analysis ( Figure E1) , 1, 4, [7] [8] [9] [10] [11] [12] [15] [16] [17] [18] [19] All 13 studies underwent primary data extraction by 2 authors (HT and DF). Any discrepancy between the data extracted from individual studies was resolved by the involvement of a third author. Qualitative assessment of each study was performed using the National Heart, Lung, and Blood Institute Quality of Assessment Tool for Observational Cohort or Controlled Intervention Studies (Table E4) . 20 
Data Items and Outcome Measures
The primary metameter of interest in this study was the incidence of SWI, which includes a composite outcome of superficial/deep SWI and mediastinitis incidence (based on the Society of Thoracic Surgeons definition). 21 Secondary outcomes of interest included 30-day and 1-year mortality. Prespecified variables for subgroup analyses were extracted at the time of study review and placed into a standardized data-extraction form. These variables included type of tracheostomy (open vs percutaneous) and median postoperative days (PODs) between initial cardiac operation and tracheostomy. The latter variable was dichotomized to early (POD <14) versus late (POD 14) tracheostomy for subgroup analysis.
Statistical Methods
All analyses used the random effects model, and measures of heterogeneity were assessed using the Q statistic and I 2 . Subgroup random-effects meta-analysis models on predetermined variables were performed for type of tracheostomy procedure (open vs percutaneous) and timing of tracheostomy procedure (early vs late). Finally, a meta-regression was performed between the incidence of SWI and the timing of tracheostomy (median POD) after cardiac surgery using an unrestricted maximum likelihood model. Statistical analysis and figure generation were performed using STATA Version 12 (StataCorp LP, College Station, Tex).
RESULTS
A total of 10,088 patients were included from 13 studies. The study characteristics including first author, year of publication, type of tracheostomy, mean age, sex, type of reported SWI, and other medical history are presented in Table 1 . The overall incidence of SWI after tracheostomy in patients undergoing cardiac surgery was 7.0% (95% The proportion of SWI was 7% (95% CI, 3-11) in the early tracheostomy group and 7% (95% CI, 1-17) ( Figure 3 ) in the late tracheostomy group. Heterogeneity persisted in both subgroups (early; I 2 ¼ 91.1%, late: I 2 ¼ 96.6). Heterogeneity between these subgroups was not significant (P ¼ .896). Meta-regression did not demonstrate a significant relationship between the timing of tracheostomy and the incidence of SWI, as depicted on the bubble plot (R 2 ¼ 6.13%, P ¼ .72) (Figure 4 ). Because most studies reported 30-day mortality and to a lesser extent Figure E2 ). Heterogeneity between these groups was not significant (P ¼ .992). Moreover, 30-day mortality was comparable when groups were dichotomized to early versus late tracheostomy with 22% (95% CI, 16-30) and 25% (95% CI, 17-35) ( Figure E3 ). Heterogeneity between these groups also was nonsignificant (P ¼ .589). The 1-year mortality rate was reported as 63% (95% CI, 43-80) and after subanalysis by type of tracheostomy performed, comparable mortality rates were observed with percutaneous at 67% (95% CI, 51-82) and open tracheostomy at 56% (95% CI, 16-92) ( Figure E4 ). Because only 2 studies in the late tracheostomy group reported 1-year mortality, appropriate subanalysis based on timing of tracheostomy would not be constructive.
DISCUSSION
Tracheostomy is an invaluable procedure in the care of patients requiring prolonged ventilation after cardiac surgery; however, the impact of this intervention on SWI is not known. In this study, the incidence of SWI as a composite of superficial/deep SWI and mediastinitis after tracheostomy after cardiac surgery was determined to be 7% (95% CI, 4-10). To determine whether the type or timing of tracheostomy was a potential source of heterogeneity, a priori subgroup analyses were performed. Although this study did not statistically compare the incidence of SWI by tracheostomy procedure, the percutaneous tracheostomy group had a 3% (95% CI, 1-8) incidence of SWI, whereas the open tracheostomy group had a 9% (95% CI, 5-14) incidence of SWI. In addition to newer techniques, antibiotics, and prepping solutions in the percutaneous group, another potential reason for an observed lower incidence of SWI in the percutaneous group may be explained by the less-invasive nature of the operation. 22 Heterogeneity also was borderline significant between the percutaneous and open tracheostomy groups (I 2 ¼ 94.1%; P ¼ .063). This may be explained by the inherent selection bias: Patients receiving a percutaneous tracheostomy may be more hemodynamically stable or less obese. Compared with the open tracheostomy group, the percutaneous group had less within-group heterogeneity, further implying some degree of selection bias. Therefore, this could explain the observed lower proportion of SWI in the percutaneous group. Because the studies spanned a 15-year period, we also performed a subanalysis dichotomized to early years of study (<2007) to more recent years of study (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) . The incidence of SWI was almost identical in both eras (<2007: 7% [95% CI, 3-12] vs 2007-2014; 7% [95% CI, 2-13]), implying that study era may not influence the incidence of SWI.
The timing of tracheostomy, dichotomized to early or late, demonstrated similar incidences of SWI. Heterogeneity in either subgroup persisted compared with the overall analysis. Last, a meta-regression analysis was performed and determined that no significant linear relationship existed between the incidence of SWI and median POD for tracheostomy. This finding is further corroborated by the exact same incidence of SWI after subgroup analysis in early versus late tracheostomy groups. The incidence of SWI in tracheostomy cases after cardiac surgery is larger than the general cardiac surgical population, which has been reported to range from 0.7% to 3.2%. [23] [24] [25] The increased incidence of SWI may be partially explained by several other risk factors present in postoperative tracheostomy cases. For example, in this meta-analysis of more than 10,000 patients, there was a high incidence of diabetic patients, elderly patients, patients with chronic obstructive lung disease, and patients undergoing reoperative surgery. 10 This potentially supports the belief that tracheostomy may not be a risk factor for developing SWI but merely acts as an overall indicator of patient critical illness. Significant heterogeneity was observed in the meta-analysis for overall incidence of SWI with an I 2 ¼ 94.1%. This may be partially explained by the variability in reporting superficial or deep SWIs (several modifications for diagnostic criteria have been made over the last decade) and the lack of controlled study designs (11/13 studies were retrospective).
The secondary metameter of interest included 30-day and 1-year mortality, which were high at 23% (95% CI, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] and 63% (95% CI, 43-80), respectively. Furthermore, after stratifying by type of tracheostomy procedure, the 30-day and 1-year mortality rates were identical. This implies that percutaneous or open tracheostomy is a safe option for patients undergoing cardiac surgery with respiratory failure. Likewise, the timing of tracheostomy (early vs late) did not change the 30-day mortality, implicating that either timing option is feasible. Despite no major differences in mortality between type and timing of tracheostomy, the absolute 30-day and 1-year mortality rates were high at 23% and 63%, respectively. These elevated mortality rates are likely a surrogate marker of significant disease burden and poor long-term outcomes as opposed to the tracheostomy procedure itself, a procedure typically with a low perioperative mortality (<1%). 26 
Study Limitations
The large amount of heterogeneity is a limitation of the current study. Attempts to identify potential sources of heterogeneity with subgroup analyses failed to fully explain this finding. As discussed previously, major sources of heterogeneity may include the varying diagnostic criteria for SWI, a wide range of cardiac surgical procedures (multivalve, bypass, type of grafts including bilateral vs single internal thoracic artery), patient comorbidities, and small datasets, most of which are retrospective in nature. In addition to varying diagnostic criteria for SWI, some studies reported only superficial 2, 17 or a combination of superficial/deep SWI 15 (n ¼ 3), whereas the remaining studies reported deep-seated SWI or mediastinitis (10/13). When the studies reporting superficial SWI were removed, the overall effect estimate and the degree of heterogeneity did not change. Although this meta-analysis collected only a handful of studies (n ¼ 13), publication bias seemed to be minimal according to the Egger's test (P ¼ .15); however, the Begg's test (P ¼ .053) used for assessment of publication bias demonstrates that there is likely some degree of publication bias due to the equivocal P value. Despite these limitations, this is the only study that has systematically reported the incidence of SWI after tracheostomy in patients undergoing cardiac surgery and looked at whether the type or the timing of tracheostomy played a role in the development of SWI.
CONCLUSIONS
The incidence of SWI followed by tracheostomy in patients undergoing cardiac surgery remains high at 7%. Open or percutaneous tracheostomy after cardiac surgery is a feasible option because SWI incidence and short-term mortality are comparable. Furthermore, although the timing 
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